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Assumptions: 

The loading capacity of granular activated carbon (GAC) was based on published isotherms found in the EPA 
Tractability Manual, EPA-600/8-80-042a. The quantity of GAC required to remove each compound was 
calculated and totaled for all compounds to define the total quantity of GAC required. 55gallon size GAC units 
will be used with a maximum flow rating of 10 gpm. Two trains with two units in series for each train will be 
used. Incidental removal of mercury may occur on the GAC, but for purpose of this analysis it was assumed 
that no mercury removal will occur. 

Heavy metals will be removed with ion exchange. The loading will include all cat ions except sodium and 
hydrogen. Sufficient resin will be provided to treat the water without regeneration. The resin will then be 
disposed with the heavy metals and radionuclides attached. 

Sources of Data: 

ABQ03-HP003RAC 
ABQ04-HP004RAC 
GWTF Radionuclide Removal Evaluation (June 17, 1996) 
INEL-95/0421 Rev. 0 October 1995 
RD/RA WP Appendices H & G - Sampling data for the V Tanks 
www.qeneralcarbon.com 
www.usfilter.com 

Calculation: 

Sample calculations are presented herein to show the methodology used and the results of all calculations are 
summarized on calculation sheets (Attachment 1) and in the mass balance charts included with the process 
description in Attachment. 

Water treatment from Tank V-l 
Volume = 644 gal 
TCE level = 0.16 mg/L 

(644)(10”)(0.16)(8.34) = 8.59(104) lb 

Isotherm capacity at 0.01 mg/L = 0.002 lb/lb GAC 
8.59( 10~)/0.002 = 0.43 lb GAC used 

Lead = 0.84 mg/l 

CaC03 equivalent: 0.84( 100/207) = 0.406 mg/l as CaC03 

Radionuclide Conversion 

Mg/L = (pCi/L)*l O-‘* (Ci/pCi)*l O3 (mg/g)/Specific Activity (Ci/g) 
(1.89E + 04)( I 0-12)( 1 03)/6.1 7E-03 = 0.031 mg/L 
Equiv. CaC03 = 0.0031(100/234) = 0.0013 mg/L 
U-234 = 1.89E + 04 pCi/L 

Specific Activity = 6.17E-03 
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Composite for drum filling for Lead 

V-l: (1040 gal)(0.84 mg/L) = 873.6 
v-9: (320) (0.942) = 301.4 

1174.0 

Total Volume = 3706 
1174.0/3706 = 0.317 mg/L 

Contingency: 

Two trains of GAC units will be operated in parallel to provide added removal of organics in the event that 
organics in the sludge become soluble during the removal process. 

Procedures: 

The TOC at the exit of the first bed will be monitored to allow changing beds that are prematurely exhausted. 
The liquid phase waste will be filtered through oil and grease filters, activated carbon and ion exchanged, then 
pumped into water HICs. The water will be transferred into a temporary storage tank and sampled for 
compliance with LDRs. Any additional treatment that is required or desired will be accomplished with a backup 
treatment system which can be configured with activated carbon and ion exchange, as required. 

Conclusion: 

This calculation determines the quantity of filtration material required to remove contaminants in the liquid 
phase of the V-Tanks contents in order to satisfy the land disposal regulations (LDRs) according to the 
wastewater treatment standard. Since Envirocare cannot accept liquid radioactive waste, the water must be 
solidified or absorbed prior to shipping for disposal. For conservatism, however, the mass of absorbent is not 
included in these calculations. 

These calculations and the mass balance diagrams included with the process description show all the organic 
constituents and heavy metals of concern will be significantly reduced below the LDR treatment standards. 
Furthermore, most of the radionuclides will be removed by the ion exchange resin. 
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List of Attachments 

Attachment I Mass Balance Calculations 
Attachment 2 Process Flow Diagrams/Mass Balance 
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Attachment 1 
Mass Balance Calculations 
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. 
, Tank V-1, Prehmlnary Llquld Phase Radioactlve Material 

Radionucllde Mlvit: I 
CO, Concentration y Detected Specific ktfvlty ( Activity Detected) Equlv. Ci 

- -- .  

u236 
U-238 

Pu-238 
Pu-230 

Am.24 1 

242 CfI-4 
Cm-243 
Np-237 
-Q-C@ 

.  .  - - - .  .-- -- r 5.66E+02 T14E-06 
.  -.-------ww “-“V .  ““““““r 

0.204485981 0.112547226 
2.1UW-02 3.33E-07 0.630630631 0.264970853 
2.24E+M 17.39 1.2887 E-08 5.~1217E-09 

I 1 WiF+fI7 

1.97&z 
6.13E-02 1.71289E-06 7.1H39E-07 

I 3.24 6.08025E-08 2.52202E-08 
I U (8 -61) 3.32E+O3 NA NA 

I+01 46 139566E49 I =i 7d?d3F, ln 

L V. Y 

6.42L _ 
U (26.7) I 7.0G4 

2.03Ed6 141 

. .------ -- -. ~ -.17-L-- .- 

NA NA 
1.43072605 1.59968E-05 

NA NA 
NA NA 

--- -- 
r \ Aa-fl - -18m u (776) 6.3%02 

N-1 10m U (12701 4.66E+03 
Am-241 u (1350 
Ce-144 u (753C 

4 
I) 1 3.24 - NA 

. -. , 
NA 

. -1) 3.19E+03 NA NA 
Co-58 I u (21601 I 3 16E+04 NA NA 

t 
t 

. _. . 
- 

l.l3E+03 
I I .I 1 

Co-60 l .%E+04 1,37168E-08 2.28614E-08 

\ 
Q-134 u (734) 1.30E+03 NA 

i 
NA 

e-137 2.90E+06 87 3.33333E-05 . 7 4-1309505 -_ .- 
EWl52 I U (4860 1 1.8!%+~2 NA NA . -- . 
Eu-154 U (1660 .l 1.45E+02 NA NA 
Eu-155 u (242a I) 1.27E+03 NA I NA 
Mn-64 u (755: I 7.98E+03 ““- -- m N A  . -- . I NA ..#. 
N b-95 U (2400) I 3.93E+W I NA I 

Ra.77H I I (17Rfi\ QPQF -- _._ I 
. .Y Lb” 

Ru-103 
Ru-106 
Sb-125 
U-235 
Zn-65 
a=95 

I \ I 

~(I~&) 
“.O”C4l1 

K 
NA 

3.21 E+o4 NA 
u (9430) 3.36E+03 NA NA 
II nq70) l.O6E+03 NA NA 

I u (13401 2.14E-06 NA f kA , 

I--+,, 
-a - -- 

8.20E+O3 
3 . -. - I . ., . 

u (1730) NA NA 
. . u (4300) 2.10E+04 NA NA 

.-- U (252) 1.63E-04 NA NA 
f r-3 3.04E+07 9.64E+O3 3.15353E-06 

.  
~-000105118 “._ 

I 
- . . 
~1-63 2.88t+O5 61. 7. I-- 4.66775E-06 I I 7L ~ . 10912E-06 

total 0.1 190237174 0.378980768 
‘mg/L = (pC~L)‘10“Z(C~pC,)‘103(mglg)/Specific Activity (Cl/g) 
‘equiv. C&O, was calculated assuming divalent redionuclide 
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Tank W, Prefiminary Liquid Phase Radloactive Matwhf 
/ 

I 
Radionuclide 1 Activity Detected 1 Specific Activity IActMty Detected1 Equiv. Cocoa Concentmt~on ’ 

trmT ’ (pc’L) ’ 
U-235 
U-238 

Pu-238 

3.8&+04 6.’ 
1.60E+03 2.’ 
4.99EtO2 3.: 

I 4.75E+02 17, 

sr-90 4.9OE+06 
Ag-108m U (3960) 6.37E+O2 I NA 

1,30E+04 1.1 
cs-134 u (764) 1.3 
cs-137 1.3SE+07 
Eu-152 u (4780) l.t15E+02 1 I 

u (716) 7.9 
I5 

I 
u (1960) 3.9 

Ra-226 ~ u (41001 I 9.8 

9 U (169) I 1.B 

‘mg/L = (pCI/L)‘10“2(C,lpCJ’103(mg/g)/Specific Activity (Cjg) 
‘equiv. CaCO, was calculated assumhg divalent radlonuclide 
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20 / 29 

r lank V-3. PrellmCnarv Liauid Phase RadioactIve Material 1 
1 Radlonuclide 1 

-~ ~~ 
Actlvity Detected 1 Speclflc Activity 1 Actlvlty Detected1 Equiv. CaC03 Concentration 1 

iGJL) Ws) (mg/L) (mg/L) L 1 
u-234 133E+04 6.17E-03 0.002155592 0.000921193 
U-235 4.01 E+O2 2.14E-06 0.187383178 0.079737522 
u-238 1.35E+02 3.33E-07 0.405405405 0.170338406 

-09 1 9.25365E-10 1 

Am-241 I 3.18E+Ol 1 9.81481E-09 1 4.07254E-09 
Cm-242 U (6.18) 3.326+03 v 
Cm-243 u (6.28) 46 

I I NA NA 
NA NA NA I Np237 U(36.4) 7.05E-04 

.  

Sr-90 1.23E+07 141 1 8.7234E905 ) 9.69267E-OS I 
n 1 u 1343) - I 6.37Ei02 1 Ag-1 O& 

ApllOm i (906; 4.66E+03 NA NA 
Am-241 u (1780) 3.24 NA NA 
Ce-144 u (3000) 3.19E :+03 1 
Co-58 3.16E+O4 NA NA L U (204) 
Co-60 1.486+&I 1,13E*03 1,30973E-08 2.18289E08 

c!3-134 4.49E+O2 I - 1.30E+03 I . . 
cs-137 4.23E+O6 1 87 1 4.86207GOS 1 354896E-OS I . 

U (893) I 1.85E+02 1 & 
E”-154 u (213; 1.45E+02 NA NA Eu-155 U(1170) 1.27E+O3 NA NA 
hnn-54 u (106) 7.98E+03 t4A NA h-P_ 
Nb-95 u (319) 3,93E+O4 

Ra-226 U (332) 9.88E-01 NA NA 
Ru-103 u (5640) 3.21 E+04 NA NA 

, Ru-106 u (4080) 3.36E+O3 NA NA 
Sb125 u (1900) 1.06E+O3 NA NA 
u-235 u (533) 2.14E-06 NA NA 
Zn-65 U (237) &20E+03 NA NA 1 
zr-9s lJ (W 2.10E+04 NA NA 
f-129 u (108) 1.63E-04 NA NA 
H-3 6.09E+06 9.04E+03 8.31743E.07 , 2,10581E-05 

Ni-63 2.05E+05 Cl.7 3.32253E-06 1 5.27385E-06 
I I I I 1 1 

total 0.59!508433 0.25115603 
‘mg/L = (pC~L)‘10~‘2(CJpCJ’103(mglg)ISpecific Activity (C,/g) 
‘equiv. CaCO, was calculated assuming divalent radionuclide 
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2/ /.7 

I  

Tank K-9, Preliminary Liquid Phase Radloactlve Material 
I 
. 

Radlonuclide Activity Detected Speclflc Actlvlty Activity Detected Equlv. CaCO3 Concentration 
mw) Gl48 (ma/L) (melt) 1 1 U-233 1.24E+O4 6.17E-03 0.00201005 0.000862683 

u-234 2.1 lE+oS 6.17E-03 0.034197731 0.014614415 U-235 6.9OE+03 2.14E-06 3.224299065 1.372042155 I 
U-236 3.26E+03 3.33E-07 9.78978979 4.148216013 
U-238 9.72E+O2 3.33E907 2.9f8818919 1.226436521 

Pu-238 l. 'IOE+OS 6.13E-02 0.002773246 O.OOll6S23 
Pu-239 4.53E+04 6.13E.02 0.60073a980 O.OQO3092 
Am241 4.02E+04 3.24 1.24074E05 5.1483E-08 

H-3 3.53E+08 O.f34E+o3 3o66183E-05 0.001220609 
cm-244 5.21 E+O3 46.1082 l.l3E-07 4.63 11 SE-08 . 
Np237 2.OOE+02 7.05E-04 0.000283688 0.0001197 
Total Sr 4.QOE+06 141 3.47S18G05 3.86131 E-05 
co-t30 l.l8E+03 1 1.13E+03 l.O4425E-09 1.7404iE-09 
cs-137 4.20E+05 87 4.82759506 3.52379E-06 
Eu-752 5.66Ed2 1.85E+02 3.05946E-09 2.0128E-09 I 
Eu-154 2.72E+02 1.45E+02 1,87586E-09 

I 
1.21809E-09 c . 

tow 15.97109015 6.764171178 
*ma/L = (pC~L)‘~O~‘2(C~pCI)‘10”(m~g)/Specific Activity (Cdg) 
‘equiv. CaC03 was calculated assuming divaIent mdionucli& 
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Process Flow Diagrams/Mass Balance 
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BYPASS E 

b Fl b CH b CH D IX 

. 100 GAL. 
DAY TANK d 

, I 
4 

WATER RETURNED 
TO V-TANK VIA 

AIRLINE TO BREAK 
UP SLUDGE 

~EIERMINE COMPONENTS 
OF BACKUP WATER 
TREATMENT TRAIN 

NECESSARY TO MEET 
LDRS/WAC 

1 UP~~JDGJ’MXFL~SH~ 

TREAT WATER 
b WITH BACKUP WATER 

TREATMENT TRAIN 

l-n+ NO 

I SHIP 1,000 GAL 
k-i 

ADD SOUDlf lCATiON 
CONTAINER TO TSDF AGENT TO SOUDIM 

WATER LEGFND; . . II 

I 1 

- WATER -IN 1,000 
GAL WATER CONTAINER 

LINE? V 
. 

i RETURN WATER TO 

MANUAL VALVE 

TO V-TANK VIA SLUDGE 
RETURN LINE FOR 

I NOTE: SEE FIGURE 4-2 FOR MASS BALANCE TABLES 



TANK V-l MASS BALANCE I 
STREAM NO. 

I TANK V-2 MASS BALANCE I 

I TANK V-3 MASS BALANCE I 

TANK V-9 CONCENTRATIONS 
STREAM NO. I 1 

LEC;END: 
CH GRANULATED ACTIVATED 

CARBON 
FI OIL & GREASE FILTER 
F2 1 MICRON BAG FILTER 1 IX ION EXCHANGE IJ 

NOTE: SEE f7GURE 4-l FOR PROCESS FLOW DIAGRAM 

FIGURE 4-2 
V-TANK SLUDGE REMOVAL/WATER TREATMENT 
PROCESS FLOW MASS BALANCE TABLES 



WATER 
IN 

J 

SLUDGE 
HIC 

l r 

D Fl D CH D CH 

55 GAL. 
DRUM TRANSFER 
WITH F3 ) DRUM TO 
FILTER STORAGE 

AREA 

1 I 

tK 
t3ACiKUP 
REATMENT 3.1.1 

. 
SHIP ADD SOLIDIFICATION 

1,000 GAL. CONTAINER w AGENT TO SOLIDIM 
TO TSDF WATER 

1 
I SAMPLE/ANALYZE 

WATER IN 1,000 
GAL. STORAGE 

CONTAINER 

CONTINUE 
REMOVING WATER 

FROM DRUM 

Q 6 

I 

I 

LEGEND: 
CH GRANULATED ACTIVATED 

CARBON 
FI OIL & GREASE FILTER 
F2 1 MICRON BAG FILTER 

~ F3 BARTLEll FILTER, 
20x2 POLYPROPYLENE 
ELEMENT 

IX ION EXCHANGE 

=-I 

1,000 GAL. 
WATER CONTAlNER 

7 I- 
WATER 

HIC 

NOTE: SEE f lGURE 4-4 FOR MASS BALANCE TABLE 

FIGURE 4-Z. 
V-TANK DRUM FILLING AND DEWATERING 
PROCESS FLOW DIAGRAM 



STREAM NO. 

STREAM 
DESCf?lPTlON 

DRUM DEWATERING COMPOSITE MASS BALANCE 
1 2 3 4 5 6 7 

FS Fl CH cl4 F2 WATER 
Fkxm HIC 

FEE0 slANoARo 

CH GRANULATED ACTIVATED 
CARBON 

FI OIL & GREASE FILTER 
1 MICRON BAG FILTER 
BARTLETT FILTER, 

N0j-E: SEE flC;URE 4-3 FOR DDAPFCC Cl nW I’MACDALI 

20x2 POLYPROPYLENE 
ELEMENT 

IX ION EXCHANGE 
u I 

V-TANK DRUM FILLING AND DEWATERING 
PROCESS FLOW COMPOSITE MASS BALANCE TABLE 



LEGEND: 
CH GRANULATED ACTIVATED 

CARBON 

F2 1 MICRON BAG FILTER .FlGURE 4-5, 
IX ION EXCHANGE V-TANK BACKUP WATER TREATMENT 

PROCESS FLOW DlAGRAM 


